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SPENVIS and its legacy

• ESA operational software (developed and maintained at BIRA-IASB since 

1996)

http://www.spenvis.oma.be/

• Standardized access to most of the recent models of the hazardous 

space environment and effect tools

• On-line help and extensive background information



Who is using SPENVIS?

• Spacecraft or component designers

• University or college students 

• Scientists & model developers



Geant4 tools in SPENVIS 

• User friendly interface

• No prior knowledge of 

Geant4

• Generated macro file can be 

used directly by local 

Geant4 application

• Interaction with other 

SPENVIS models & tools



Geant4 model interface in SPENVIS 



Overview of the Geant4 tools in SPENVIS 

• Geant4 Radiation Analysis for Space (GRAS v2.3, v3.1)

– General space radiation analysis for 3D geometry models (Fluence, 

NIEL, TID, Dose equivalent and Equivalent dose analysis) 

– Developed by ESA

• Multi-Layered Shielding Simulation (MULASSIS v1.19, v1.23)

– Definition of a multi-layered, one-dimensional shield and incident 

particle source

– Simulates radiation transport through the geometry, treating 

electromagnetic and nuclear interactions

– Developed by QinetiQ

• Geant4-based Microdosimetry Analysis Tool (GEMAT v2.4, v2.8)

– Microdosimetry effects of space radiation on micro-electronics and 

micro-sensors

– Developed by QinetiQ



Overview of the Geant4 tools in SPENVIS 

• Sector Shielding Analysis Tool (SSAT v2.1)

– Performs ray tracing from a user defined point within the geometry to 

determine shielding levels and shielding distributions

– Shielding distributions can be folded with flux and dose models (e.g. 

from SHIELDOSE or NIEL)

– Developed by QinetiQ

• MAGNETOCOSMICS (v2.0)

– Charged particle trajectories & magnetic field lines

– Cut-off rigidities as a function of position

– Developed at the University of Bern

• PLANETOCOSMICS (v2.0)

– Definition of a planetary magnetic field, atmosphere & soil 

– Interactions of cosmic rays with planetary environment 

– Developed at the University of Bern



• Supporting Tools

– Geometry definition tool

• Basic building blocks (sphere, box, 

cylinder) to construct 3D  model

• Java Geometry Definition Tool (JGDT)

– GDML analysis tool

• Use generated GDML file 

• Upload new file

– Material definition tool 

• Define own material or choose from predefined lists

• Material available for all Geant4 applications in SPENVIS   

Overview of the Geant4 tools in SPENVIS 



• Other:

– Mars Energetic Radiation Environment Models (MEREM)

– Jupiter Radiation Environment and Effects Models and Mitigation 

(JOREM)

• PLANETOCOSMICS-J

• Genetic Algorithm Radiation Shield Optimiser (GARSO) for MULASSIS

– MC-SCREAM (NIEL based damage equivalent fluences for solar cells)

Overview of the Geant4 tools in SPENVIS 



Why a new SPENVIS system?

Drawbacks of current SPENVIS:

• Rigid work flow for model access and no flexibility in model 

coupling

• Not easy plug-in of new models by model developers

• Splitting between orbital and positional models

• Import of user data

• Lack of advanced access (machine-to-machine)



SPENVIS Next Generation (SPENVIS-5)

Upgrade the current SPENVIS system into a new web-based 

service-oriented distributed framework 

• Plug-in support of models 

• User-friendly interface for rapid analysis 

• Machine-to-machine interface for interoperability with 

other software tools

ESTEC Contract 4000104812



SPENVIS-NG external environment



SPENVIS-NG workflows

• Combine models & tools in 

workflows

– Predefined scenarios 

– User own workflows 

• Tune the user interface of models

– Fixing in advance some 

parameters

– Hiding some intermediate 

resources 

– Re-grouping differently the 

input fields 



Software Development Kit (SDK)

• To allow model developer to plug their models 

• Should contain: 

– An easily installable local environment so developers can test the 

operation of new models and tools

– Tools for wrapping models and for generating input & output 

adapters

– Tools for creating data format adapters

– Tools for generating default UI components

• Provide documentation on 

– How to install the local environment

– General documentation on the SPENVIS-NG system

• Tutorial + simple test model for integration in SPENVIS



Geant4 Tools in SPENVIS-NG

The ESA Geant4 radiation effects applications, which include MULASSIS,

GEMAT, GRAS and SSAT, are under continual development both as Geant4 is

updated and to provide additional functionality. The user interfaces to

these tools in SPENVIS-5 shall be updated to include the new functionality

and changes to the interfaces of these tools. New functionality may include

(but not be limited to) changes to the physics lists, new analysis modules,

new geometry description methods, and new output formats. The SPENVIS-

5 interfaces to these tools shall be updated to make use of the recent

developments in the Geant4 reverse Monte-Carlo physics.

STATEMENT OF WORK

Next Generation SPENVIS

TEC-EES/2010.666/HE



Geant4 Tools in SPENVIS-NG

A module to export the radiation environment spectra as Geant4/GPS 

particle source spectra macro files shall be implemented

• All environments shall be included

– trapped particle

– solar proton

– galactic cosmic ray 

• The module outputs shall support the specification of 

– multiple sources

– normalisation factors

– energy biasing



New models in SPENVIS-NG

• ESA MEO model implementation 

• ESA Interplanetary Electron Model (IEM)

• ESA Slot Region Radiation Environment Model (SRREM)

• Updates to JOREM Radiation Environment Model

• Interface to ESA SEPEM solar proton models & integration with SEPEM 

system

• Badwar & O’Niel cosmic ray model

• NASA AE-9 & AP-9 models

• NASA TPM model



• SPENVIS forum

Interaction between users &

model developers

• Contact us directly

spenvis_team@aeronomie.be

• SPENVIS workshops

Feedback is always welcome!!!!

How could you play a part? 



http://www.spenvis.oma.be/workshop/2013/



Current and future developments

• SPENVIS maintenance 

– Implementation of GRAS v3.1,

MULASSIS v1.23 & GEMAT v2.8

(Geant4-9.5p2)

– GDML analysis tool update

– Support the users community

• Development of SPENVIS-NG

– Existing & new models

– New functionalities (plug-in models, machine-machine interface etc.)
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